Bulk heterojunction (BHJ) organic photovoltaic (OPV) devices attracted considerable research interest due to several significant characteristics, such as their flexibility, lightweight, low environmental impact and reduced cost of large-scale production. A key aspect in OPVs is improving the device long-term stability: in this contest, novel organic materials and cell architectures are developed and a significant task is played by the development of in-situ diagnostics able to detect the driving mechanisms of device degradation, considering that the optical and transport properties of the device active elements depend on the structural, morphological and interfacial characteristics.
Extended Abstract
Bulk heterojunction (BHJ) organic photovoltaic (OPV) devices attracted considerable research interest due to several significant characteristics, such as their flexibility, lightweight, low environmental impact and reduced cost of large-scale production. A key aspect in OPVs is improving the device long-term stability: in this contest, novel organic materials and cell architectures are developed and a significant task is played by the development of in-situ diagnostics able to detect the driving mechanisms of device degradation, considering that the optical and transport properties of the device active elements depend on the structural, morphological and interfacial characteristics.
In this work we discuss our recent results on devices incorporating metallic nanoparticles (NPs) in the photoactive layer, in order to take advantage of the ability of the metallic NPs to rise the BHJ optical absorption by the excitation of Localized Surface Plasmon Resonance. Both plasmonic and reference systems are studied and a powerful approach for addressing the role of structural/morphological and interface properties of the different layers and their interfaces is used: time-resolved Energy Dispersive X-ray Reflectivity/Diffraction (EDXR/EDXD) techniques are applied jointly with in-situ atomic force microscopy (AFM).
The results of such unconventional approach, based on time-resolved EDXR/AFM cross-monitoring, showed that incorporating metallic NPs allowed to control both the bulk and the interface morphological degradation pathways [1] . In the case of Au Nps, as an example, the device performance was enhanced by 42% and the device lifetime by 3 times, with respect to reference undoped devices. Indeed, EDXR monitoring revealed that, while pristine devices undergo a progressive increase in the cathode thickness, the doped ones are stable. The observed interface improvement can be ascribed to a NP-mediated mitigation of the photo-oxidation effect at the cathode-active layer interface. Furthermore, we demonstrated that in the NPs doped BHJ the polymer conformational properties are stabilized and the nanoscale morphology of the donor-acceptor network is conserved [2] [3] [4] . As a final result both an enhancement of the device performance and an increase of the device lifetime is obtained. Overall, our results suggest novel strategies employing plasmonic NPs as a fundamental step for obtaining stable OPV architectures. Besides the far-reaching impact of indicating innovative approaches for developing more efficient and stable OPV devices, our work demonstrate the great potential of the joint morphological/structural monitoring approach in the study of nanolayered structures, organic electronics materials and devices.
